and industrial waste incinerators in Korea. In this study, we estimated the exposure status of these hazardous substances and their heath effects in workers and residents near the MSW incinerators and residents near the industrial waste incinerators. We interviewed 13 workers and 16 residents from the area around the two MSW incinerators, and further 10 residents from the area around one industrial waste incinerator, which is suspected to emit higher hazardous substances. During the interview we collected information including sociodemographic information, personal habits, work history, detailed gynecologic and other medical history. Blood samples from 45 subjects were also collected for analysis of PCDDs and PCDFs, which were analyzed by HRGC-HRMS (High Resolution Gas Chromatography -High Resolution Mass Spectrometer). In addition to a questionnaire survey, urinary concentrations of 8-hydroxydeoxyguanosine (8-OH-dG) and malondialdehyde (MDA) were measured as oxidative injury biomarkers. Urinary concentrations of 8-OH-dG were determined by in vitro ELISA (JAICA, Fukuroi, Japan). MDA were determined by HPLC using adduct with TBA (thiobarbituric acid). The PCDD/F concentrations in residents from the area around industrial waste incinerator were higher than those in workers and residents from the area around MSW incinerator. The average toxic equivalency (TEQ) concentrations of PCDD/Fs in residents from the area around industrial waste incinerator were 53.4 pg I-TEQs/g lipid. The average TEQ concentrations of PCDD/Fs in workers and residents near MSW incinerator were 12.2 pg I-TEQs/g lipid. Estimated daily intake (EDI) of each person was calculated, and the EDI of all workers and residents near MSW incinerator were within the tolerable daily intake range. But for only 30% of 10 people near the industrial waste incinerator were the EDI within the tolerable daily intake range (1-4 pg I-TEQ/kg bw/day) suggested by WHO (1997). The oxidative stress of residents near the industrial waste incinerator was higher than that in workers and residents from the area around MSW incinerator. This oxidative stress may have been caused by hazardous substances, such as PCDD/Fs emitted by incinerators. The residents from the area around industrial waste incinerator were exposed to hazardous substances such as PCDD/ Fs. Proper protection strategies against these hazardous chemicals are needed.
Introduction
Many incinerators have been constructed since the early 1990s in Korea due to the lack of available land fill sites. In 1993, the incineration rate of municipal solid waste (MSW) in Korea was about 2.4%. It will be increased up to 30% by the year 2011 1) . But without proper technical strategies for emission reduction of dioxins and furans, this incinerationfavored policy continue to face the dioxin-emission problem as the construction activities of further commercial-scale incineration facilities are increased. Since toxic substances, such as polychlorinated dibenzo-p-dioxins (PCDDs) and polychlorinated dibenzofurans (PCDFs) have been detected in MSW and industrial waste incinerators in various countries, much public concern has been attached to the problem of environmental pollution and health effects by dioxin analogues. In 1996, the dioxin issues raise its head in relation to MSW incinerators through mass media. Local residents resist the construction and operation of MSW incinerators. In 1997, the control of PCDD/Fs emission from MSW incinerators was implemented in the Republic of Korea.
The emission concentrations of the MSW incinerators have been decreased below 0.005 ng-TEQ/Nm 3 by dioxin-control policy, but those of industrial waste incinerators have remained high in Korea.
Dioxin is an unwanted by-product of incineration, uncontrolled burning and certain industrial processes. The term "dioxin" refers to a large family of compounds that includes 17 compounds of particular interest because it is thought that these compounds have similar mechanisms of toxicity. Nevertheless, the toxicities of dioxins vary greatly, with the least toxic compound estimated to be 10,000 less potent than the most toxic one. Dioxins occur as complex mixtures of these 17 family member compounds. The higher chlorinated PCDD/F like TCDD appear to be highly persistent in humans with half-lives ranging between 4 and 12 yr. PCDD/Fs persistent in environment, bioaccumulate through the food web, and pose a risk of causing adverse effects to human health and environment 2, 3) . There are many studies concerning the exposure, toxicity and health effects of PCD/Fs [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] , but there are a few studies which investigated the exposure and health outcome assessment in workers and residents near incinerators in Korea [19] [20] [21] [22] [23] . In this study, we estimated the exposure status of these hazardous substances and their heath effects on workers and residents near MSW incinerator and residents near an industrial waste incinerator.
Materials and Methods
We interviewed 13 workers and 16 residents from the area around two MSW incinerators at Seoul, and further 10 residents from the area around an industrial waste incinerator at Pyongtack where high emissions of dioxins are suspected. Study subjects were randomly selected among volunteers so that workers have been employed at incinerators and residents also have lived within 1.5 Km from MSW and industrial incinerators for more than 1 year. During the interview, we collected information including sociodemographic information, personal habits, work history, detailed gynecologic and other medical history. Blood 150 cc were also collected from 39 subjects for analysis of PCDDs and PCDFs from the residents near the incinerator and the workers at the incinerators. Serums were obtained from blood samples with centrifuge. 32) .
Under steady state condition, Intake (ng/kg bw/day) = Body Burden (ng/kg)*ln(2)/half-life/f an estimated half-life for TCDD: 7.5 years f: the fraction of dose absorbed and is assumed to be 50% for absorption from food for humans
In addition to a questionnaire survey, urinary concentrations of 8-hydroxydeoxyguanosine (8-OH-dG) and malondialdehyde (MDA) were measured as oxidative injury biomarkers. Urinary concentrations of 8-OH-dG were determined by in vitro ELISA (JAICA, Fukuroi, Japan). MDA were determined by HPLC using adduct with TBA (thiobarbituric acid).
Statistical analysis was performed by Mann-Whitney U test, χ 2 test, and GLM (generalized linear model) using SPSS 10.0 to test the differences of exposure status and health effects between the study subjects.
Results and Discussion

Exposure assessment of PCDD/Fs homologue in workers and residents near Municipal Solid Waste (MSW) incinerators
Blood PCDD/Fs corrected by blood lipid are highly correlated with those of other human tissues. Blood PCDD/ Fs also show high correlation with those of body and milk lipids. Blood specimens are generally used for human risk assessment 24, 25) . The mean and SD (standard deviation) of 17 PCDD/F isomer concentrations in workers and residents near the MSW incinerators. are presented as follows (Table  1) . Seventeen PCDD/F isomer concentrations in workers and residents near the MSW incinerator are given as TEQ (toxic equivalencies) calculated by the internationally used I-TEFs (international-toxic equivalency factors) suggested by NATO in 1988 26) . There were no differences of PCDD/ Fs isomer concentrations between workers at incinerators and residents near the MSW incinerators. With MannWhitney U test, there were no evidences of any differences between the two groups except OCDD. Relatively higher value of OCDD was unusual in residents near the MSW incinerators.
In 1997, WHO recommend 10-30 pg I-TEQ/g lipid as the background level of PCDD/Fs. In this study, the total TEQ concentrations of PCDD/Fs of workers and residents near the MSW incinerator were within the background levels.
Estimated daily intake (EDI) of each person was calculated, and all of workers and residents near MSW incinerator were within the tolerable daily intake range. This means that MSW incinerators now do not affect the level of PCDD/Fs in workers at incinerators and residents near MSW incinerators.
Exposure assessment of PCDD/Fs homologue in residents near the industrial incinerator
Total TEQ concentrations of PCDD/F of residents near the industrial waste incinerator were higher than the background levels. The average TEQ concentrations of PCDD/Fs in residents near the industrial waste incinerator were 53.4 pg I-TEQs/g lipid, while those of PCDD/Fs in workers and residents near MSW incinerator were 11.4 pg I-TEQs/g lipid (Table2). The average TEQ concentrations of PCDD/F isomers in residents near the industrial waste incinerator range from 2.4 (1,2,3,4,6,7,8-HpCDD) to 130.7 (1,2,3,4,7,8,9-HpCDF) higher than those of workers and residents near the MSW incinerators. As compared by MannWhitney U test, there were significant differences in the average TEQ concentrations of PCDD/F isomers between the two groups except 2,3,7,8-TCDD, OCDD and OCDF (P<.01). The ratio of total PCDD/Fs between the two groups was 4.7, and ratio of total PCDFs was higher than that of total PCDDs. The 17 PCDD/F isomers concentrations in the 10 residents near the industrial waste incinerator are presented in Table 3 . The average TEQ concentrations of PCDD isomers were 14.91 pg I-TEQ/g lipid, and those of PCDF isomers were 38.51 pg I-TEQ/g lipid in the 10 residents. The characteristic pattern of PCDD/F isomers is closely related with their sources of PCDD/Fs [27] [28] [29] [30] . Further study is needed to investigate relationships between the increased TEQ concentrations of PCDD/F isomers and particular sources.
EDI of each person was calculated, only 30% to the total people near industrial waste incinerator were within the tolerable daily intake range (1-4 pg I-TEQ/kg bw/day) suggested by WHO (1997) .
Average TEQ concentrations of t-PCDD/Fs in the blood samples of general population in Europe are 14-43 pg I-TEQ/g lipid, 19-27 pg I-TEQ/g lipid in North America, 20-22 pg I-TEQ/g lipid in Japan 33) . Twelve PCB isomer concentrations are calculated as TEQ calculated by I-TEFs suggested by WHO in 1997 34) . According to Yoon-Hee Yang's study in Korea 19) , the average TEQ concentration of PCBs in workers is 7.32 pg I-TEQ/g lipid, and in residents 7.20 pg I-TEQ/g lipid. Because these levels were within the background concentrations compared to those of other countries 35) , we did not consider the PCBs in this study. In Korea, there were total 14,791 incinerators, out of which 97% were small-scale incinerators, whereas medium and large-scale incinerators were only 2.4% and 0.6%, respectively. Among total 14,791 incinerators, 69.4% are industrial waste incinerators (Table 4 ). The emission concentrations of the MSW incinerators have been decreased below 0.005 ng-TEQ/Nm 3 by dioxin-control policy, but those of industrial waste incinerators have remained high in Korea. Our study shows that residents near the industrial waste incinerators have higher average TEQ of PCDD/Fs than those of other residents. According to report from Siwha industrial area in Korea, workers at some industrial waste incinerators also are exposed to PCDD/Fs above the background concentrations 19) .
Health assessment with biomarkers of oxidative damage
MDA and 8-OH-dG are available biomarkers to monitor oxidative damages [36] [37] [38] [39] . The mean concentrations of MDA in residents near the industrial waste incinerator were 268.5 mol/mol creatinine, and those of workers and residents near the MSW incinerators were 120.3 mol/mol creatinine. These differences between the two groups were statistically significant with Mann-Whitney U test (Table 5 ). There is no differences of BMI or sex ratio between residents near the industrial waste incinerator and workers and residents near the MSW incinerators. This oxidative stress have been caused by aging, smoking, diet habits and hazardous substances, such as PCDD/Fs emitted by incinerators 40) . With analysis of covariance (ANCOVA), residency near the industrial waste incinerator is significant variable which is increasing MDA, after controlling smoking, aging, BMI, and diet habits (P<.01). This means that the oxidative stress of residents near the industrial waste incinerator was higher than that in workers and residents near the MSW incinerators. The mean concentrations of 8-OH-dG in residents near the industrial waste incinerator were 17.0 µg/g creatinine, and those of workers and residents near MSW incinerators were 15.6 µg/g creatinine. The association of MDA as biomarker of lipid peroxidation and PCDD/Fs were significant, because PCDD/Fs are lipid soluble. Oxidative damage may inhibit cell-mediated immunity toward infectious agents, exacerbate respiratory allergy, cause DNA damage, and under longterm exposure, induce the development of tumors [41] [42] [43] [44] [45] .
Conclusion
Among total 14,791 incinerators in Korea, industrial waste incinerators and small and medium-scale incinerators command a majority. But they are not regulated well in 1,2,3,4,6,7,8 
